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INTRODUCTION

This report presents results of investigations of stress cor-
rossion cracking behavior of experimental aluminum cartridge case
(5.56 mm) subjected to boiling 6 percent sodium chloride solution. It
includes cartridge cases fabricated of 7475 alloy in different heat
treated conditions, namely T6 (susceptible) and T73 (less susceptible).
Cartridge cases tested for stress corrosion cracking susceptibility
were stressed by insertion of production gilding metal projectiles, or
aluminum plugs made for this purpose, into the cases. The different
metal inserts were included to determine the influence of like and
dissimilar metal on cracking failure. Projectiles and cases were
selected to provide a range of calculated stress levels from 20 to 80
ksi. (According to specified dimensions for cartridge components,
stresses could range from a minimum of approximately 8 ksi to a maxi-
mum of 53 ksi).

This work was intended to establish the feasibility and reliabil-
ity of testing by this method of stressing and the related calculated
applied stresses. This work also was intended to determine relation-
ships of variables as applied stress, alloy temper, projectile
material, and crimping or lack of crimping of the cartridge case.
Supplemental to this investigation of the accelerated method, sets of
the aluminum cartridge cases in the T6 condition, and under stresses
calculated to be from 50 to 58 ksi, were exposed to industrial,
marine, and tropical atmospheric environments.

BACKGROUND

High strength, 7000 strkes, aluminum alloys may be susceptible to
stress corrosion cracking.'' This applies to 7475 in the T6 con-

dition, which when heat treated to T73 should be considerably less
susceptible. Whether this effect would follow in cart~idge cases was
to be determined.

1W. W. Binger, E. H. Hollingsworth, and D. 0. Sprowls, Aluminum,
Vol. 1, Ed. K. R. Van Horn, An. Soc. Mets., Ohio, 1967, pp. 235-245.
2J. A. Nock, Jr., ibid, pp. 327-329.
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The 7475-T6 aluminum alloys bein% considered for 5.56 m car-
tridge case fabrication are potentially susceptible to stress corrosion
cracking since it is recognized that cartridge cases are subjected,
particularly at the case mouth, to stresses resulting from insertion of
projectiles. Applied stresses, based on projectile and case design
dimensions, could amount to approximately 702 or 75% of yield stress.
(Stresses calculated from drawing tolerances range from a minimum of
approximately 8 ksi to a maximum of approximately 53 ksi). Exposure
of assembled rounds to various environments, especially marine en-
vironments, could feasibly result in stress corrosion cracking of
7475-T6 cases. Methods for application of stresses in determining
stress corrosion cracking susceptibility of cast, forged, or wrought
forms of commercial aluminum alloys are well defined or standardized
(e.g., bent beam, U bend, C ring, tensile). However, these methods
are not directly applicable to finished forms of cartridge cases.

Accordingly, investigations relative to stress corrosion testing
methods and stress corrosion cracking susceptibility of 7475 aluminum
alloy cases were proposed.

MATERIALS AND E TVIRONMEIT

The materials and the environmental test conditions involved in
this investigation to date are as follows:

Materials

1. 7475-T6 aluminum cartridge cases with 7075-T6 aluminum
plugs, uncrimped.

2. 7475-T6 aluminum cartridge cases with gilding metal pro-
jectiles, uncrimped and crimped.

3. 7475-T73 aluminum cartridge cases with 7075-T6 aluminum
plugs, uncrimped.

Environment

1. Boiling 6% NaCI solution.

2



WUIEuTA APPROACH

* Diameters of the Inside of the case mouth and of the plugs or
projectiles, and the thickness of the case wall In the vicinity of the
mouth, were measured for numerous components.* Cases and Plugs were
paired to obtain desired applied hoop stresse" at the case mouth. For
these investigations, the stresses were from 20 to 80 ksi.

Applied hoop stresses were calculated using the fllowing
equation

*1 - I z E x mI/Oi
where -

F - desired applied stress
I - interference, inches-projectile diameter ams case inside

diameter *
E - modulus of elasticity, taken as 10 x 106 pai

M - nsid dimete ofcase, inches
OD - outside diameter of case, inches

Residt. 1l stresses in the cases are not iAcludeid in the calculations of
loplied -, tress.

Theoretically, accurate calculation of ap *liied stress will result-
if projectiles and cases are perfectly round, and if case wall
thickness Is uniform.
**Re:0RDP20-301, p. 1 - For aluminum alloys,6E ranges from 9.9 11
toe 114x 106 psi, usually taken as 10.3 x 10 psi. 11

Assembled specimens were totally iimersed In boiling 6 percent
sodium chloride solution, in a refluzing apparatus. The failure time,
i.e., first evidence of cracking in the stressed case neck, was noted.

The feasibility and dependability of thc approach was conducted
with specimens prepared only with anodized aluminum inserts in 7475-T6
cases. Subsequent experiments Included studies of the effects of dif-
ferent tampering of the cases and of dissimilar metal (gilding metal
clad, jacketed) projeatile.

3.L. Craig, D. 0. Sprowls, and D. 3. Piper, Hadoo Corrosion
* Testina and Evala-ation, 3d. W. H. Ailor, John Wiley a..&L Sons, Inc.

New York, 1971, p. 255.
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In the preliminary experiments, to study the effects of temper or
heat Lreatment of the cases and the influence of different metal pro-
jectiles, on the propensity or incidence of cracking, the cartridge
cases employed, had not been crimped. It was intended not to intro-
duce the crimping variable until some preliminary results were
acquired. Later, the effect of crimping the cases, performed in an
actual production line operation, was introdacea and the results of
this factor evaluated.

In addition to th~e above considerations, attention was directed
to ascertaining the minimum quantity of replicates irich would allow
dependable interpretations v: the results.

RESTLTS AND DISCUSSION

It is appropriate to give some attention to non-uniformities in
dimension of case and projectile components, since these rnquestion-
ably bear influence on the calculated hoop stress v,lues. The nou-
uniformities are more pronounced in the cases; less in the gilding
metal projectiles; and still less in the machined and anodized
aluminum plugs.

Inside eiameter dimensions of the case moutl, region vary in the
range of 0.0002 to 0.0026 inch, as illustrated in Table I, for 20
cases of one production batch, selected at rpndom. This represents
the degree of "out-of-round" zf the cases. Variations of the outside
diameter of the same 20 specimens are presented in Table II. These
vary from 0.0004 to 0.0014 inch, and the average difference is 0.0008
inch.

Gilding metal projectiles of normal production vary in diameter
by about 0.0002 inch, as shown for 20 specimens in Table III. Over-
sized gilding metal projectiles purposely acquired for attaining
higher stress levels in cases, var~ed in diameter from 0.0002 to 0.0017
inch, giving an average difference of r.0006, as presented in Table IV.
The aluminum anodized plugs are cons tderably nore uniform in diameter
measurement and roundness, as can be seen from Table V. Of 20 speci-
mns randomly selected, the diameters varied at most by 0.0005 inch,
with an average difference of C.0001 inch.

4



* TABLE I.

Variations In Measiurements
Case, Inside Diameter

Gop Max Min Average Reuse

D .2242 .2230 .2236 .0012
D .2237 .2234 .22355 .0003
D .2244 .2226 .2235 .0018
D .2241 .2232 .22365 .0009
D .2240 .2232 .2236 .0008

D .2243 .2228 .22355 .0015
D .2244 .2225 .22345 .0019
D .2239 .2234 .22365 .0005
D .2239 .2231 .2235 .0008
D .2239 .2231 .2235 .000

E .2243 .2225 .2234 .0018
E .2237 .2234 .22355 .0003
E .2238 .2231 .22345 OnO'7
E .2242 .2224 .2233 .0018
E .2235 .2233 .2234 .0002

9 .2244 .2218 .2231 .0026
E .'.237 .2227 .2232 .0010
E .2240 .2226 .2233 .0014
I .2240 .2226 .2233 .0014
E .2243 .2221 .2232 .0022

Average of, 20, Variation .0012
Range .0002 to .0026

5



TABLE 11.

Variations lIn Measurements
Case, Outside Diameter

Group max Kin Averae Rm

D .2429 .2420 .24245 .0009
D .2428 .2428 .2426 .0004
D .2432 .2423 .24275 .0009
D .2427 .2421 .2424 .0006
D .2432 .2425 .24285 .0007

D .2431 .2421 .2426 .0010
D .2429 .2422 .24255 .0007
D .2431 .2426 .24285 .0005
D .2426 .2421 .24235 .0005
D .2435 .2426 .24305 .0009

E .2429 .2424 .24265 .0005
3 .2436 .2425 .24305 .0011
z .2431 .2425 .2428 .0006
£ .2435 .2421 .2428 .0014
1 .2433 .2429 .2431 .0004

R .2440 .2420 .2430 .0020
B .2430 .2422 .2426 O000
E .2435 .2423 .2429 .0012
B .2430 .2425 .24275 .0005
E .2432 .2422 .2427 .0010

Average of 20, Variation -. 00083
Range -. 0004 to .0014



TABLE III.

Variations In Measurement
G1lding Metal Projectile Diameter

(Normal Production)

Outer Diameter - Normal Production .2239 to .2245

Group max min Averase Rag

Ag. .2242 .2240 .2241 .0002
Aga .2242 .2240 .2241 .0002
Ag. .2242 .2242 .2242 -

Aga .2243 .2240 .22415 .0003
Aga .2243 .2240 .22415 .0003
Aga .2243 .2240 .22415 .0003

Aga .2242 .2241 .22415 .0001
Ag. .2242 .2240 .2241 .0002
Aga .2242 .2240 .2241 .0002
Ag. .2244 .2241 .22425 .0003
Agn .2241 .2240 .22405 .0001
Agm .2243 .2240 .22415 .0003

Dgm .2242 .2239 .22405 .0003
Dg. .224:3 .2239 .2241 .0004
Dg. .2242 .2240 .2241 .0002
Dgi .2242 .2241 .22415 .0001

Dgm .2242 .2241 .22415 .0001
Dgm .2242 .2239 .22405 .0003
Dg. .2241 .2240 .22405 .0001
Dp .2242 .2239 .22405 .0003

Average of 20, Variation -. 0002
Range -. 0000 to .0004

7
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TABLE IV.

Variations In Measurement
Gilding Metal Projectile Diameter

(Oversize)

Ouiter Diameter -Oversize. Greater than 0.2245

Group max Min Averaze as

RIP .2250 .2243 .22465 .0017
ENE .2249 .2245 .2247 .0002

Up .2248 .2244 .2246 .0004
Up .2248 .2244 .2246 .0004
Sam .2248 .2243 .22455 .0005

sgp .2247 .2243 .2245 .0004
Up .2247 .2243 .2245 .0004
U .2248 .2244 .2246 .0004

UIP .2248 .2244 .2246 .0004
Upw .2250 .2243 .22465 .0007

pgm .2249 .2242 .22455 .0007
7gm .2250 .2243 .22465 .0007
pan .2247 .2243 .2245 .0004
7gm .2249 .2243 .2246 .0006
Fox .2249 .2242 .22455 .0007

7gm .2248 .2242 .2245 .0006
1gm .2249 .2243 .2246 .0006
7gm .2236 .2233 .22345 .0003
rip .2248 .2242 .2245 .0006
7gIm .2247 .2244 .22455 .0003

Average of 20, Variation -. 00055
Range -. 0002 to .0017
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TOBLE V.

Variatilons In Masurment
Macblued, Aluainu Projectile Diamter

Outer Diameter (in.)

Wru ax Min Averaze Rag

D .2242 .2242 .2242 -

D .2242 .2241 .22415 .0001
D .2242 .2241 .22415 .0001
D .2242 .2241 .22415 .0001
D .2241 .2241 .2241-

D .2242 .2241 .22415 .0001
D .2243 .2242 .22425 .0001
D .2243 .2242 .22425 .0001
D) .2244 .2243 .22435 .0001
D .2243 .2243 .2243-

E .2255 .2250 .22525 .0005
3 .2254 .2254 .2254 -

E .2254 .2249 .22515 .0005
2 .2250 .2248 .2249 .0002
1 .2251 .2247 .2249 .0004

E .2248 .2246 .2247 .0002
9 .2250 .2249 .22495 .0001
K .2247 .2246 .22465 .0001
£ .2250 .2250 .2250-
9 .22485 .22475 .2248 .0001

Average of 20, Variation -. 00014
Range -0. 0 to .0005

9



The non-uniformities in dimensions of the cases and proj .- tiles
would result in actual applied stresses in the cases different In some
degree to those calculated from average dimensions. However, since it
was not practical to measure the actual stress In each case, the
equation, F - I x x ID/OD2 , was the means for calculating a reason-
ably accurate applied stress. Fur her, because of the dimensional
variations, it was deemed advisable to establish average values for the
individual case inside diameter (ID), case outside diameter (GD), and
projectile diameter.

Based on. some 200 cartridge cases with aluminum plug or gilding
metal projectile combinations, the ratio ID/OD2 in the equation above,
for simplification, was taken to be 3.8 (this means that 1 al inter-
ference, I, results In 38,000 psi calculated stress). Calculations
involving some 200 cartridge cases (with ID average greater than
0.2227 In.) result in ID/0D2 ranging from 3.'7 to 3.81 or for a one
nil interference, applied stress ranges from 37,700 psi to 38,100 psi.An error of 0.0001 in. measurement would result Ir an error of ap- ; :

proximately 3800 psi calculated stress. For this reason, rounding off
to 3.8 was for practical purposes considered warranted. Subsequently,
actual (D measurements were omitted and only case ID and projectile
dimensions were taken to determine interference for stress calculation
purposes (using the 3.8 value for IDIOD2).

DATA COLLECTED .-'

Results of stressed cartridge cases subjected to boiling 6 percent
NaCl solution were arranged as follows:

Table VI - 7475-T6 cases with aluminum plugs, uncrimped

Table VII - 7475-T6 cases with gilding metal projectiles,
uncrimped.

Table VIII - 7475-T73 cases with aluminum plugs, uncrmped

Table IX - 7475-T6 cases with gilding metal projectiles and
crimped after assembly

Times to failure as evidenced by visible cracking of cartridge cases
are indicated. Data are arrayed to show this information in ascending
order of applied stress.

10



TAII. VI.

Uses to Failure
7475-T6 Cases with Aluminum Alloy Plugs

Uncritued

Specimns Stress ]Interference Time-to-Failure
(No. tested) (VolL Un-)L. (hrs.)

a 22,800 .0006 2; 3; 8; 2-8 to 24; 28 to 32;
32 to 96; 31h to 122

4 24,700 .00065 2; 5; 8; NF 200
6 26,600 .0007 2-3h; 5; 7; 7 to 23; 8 to 24 -
4 28,500 .00075 311; 4; 5; 8 to 24
7 30,400 .0008 2-3; 3h; 6; 2-32 to 96; 54 to 96
5 32,300 .00085 1; 1 ; 7; 2-8 to 23
4 34,200 .0009 4; 2-8 to 23; NF 100
3 36,100 .00095 7 to 23; 2 N7 144
3 39,900 .00105 8 to 24; 27; NY 100
4 41,800 .0011 1 ; 2h; NF 28; N7 102
1 43,700 .00115 NF 102
4 45,600 .0012 1; 1 ; 4 to 19 %; 6 to 22 x
4 49,400 .0013 h; 1; 2-7 to 23

5 51,300 00135 1; ; 27to 25; 8 to 7
3 55,100 .00145 1; 4; N168N 17
9 57,000 .0015 3-1; 11 ; 2-6; 4 to 10j; 7 to 25;

NF 168
2 58,900 .00155 1; 4 to 19 1
3 60,800 .0016 5 ; 6h; 7 to 23
7 62,700 .00165 1; 3; 6; 7N to 23; 2-8 to 72;

NF 1
4 64,600 .0C17 2-1; 3 ; 7
5 66,500 .00175 1; 4 ; 6; 6; 7h to 23
3 68,400 .0018 1; 2-2
3 70,300 .00185 2-1; 30h to 47 j
3 72,200 .0019 2-3; 6
4 74,100 .00195 1; 6; 2-7 to 23
4 76,000 .0020 2; 6; 7; NF 148
1 77,900 .00205 1
1 79,800 .0021 7

NF - No failure

. ....



TABLE VII.

Times to Failure
7475-T6 Cases with Gilding Metal Proj ectiles

Uncriaped

Specimess Stress Interference Times-to-Failure
(No. tested) (ROL) (i . (Ore.)

2 20,900 .00055 2-8 to 24
3 22,800 .0006 3; 6; 78 to 143
1 24,700 .00065 2
7 26,600 .0007 2-4; 8 to 24; 23 to 26; 78 to

143; 2 NI14
1 28,500 .00075 2
1 30,400 .00085 NI 143
4 34,200 .0009 6; 7 to 23; 53; 54 to 143
2 38,000 .0010 29; N47 143
6 41,800 .0011 7; 4-7 to 23; 26 to 29
5 43,700 .00115 2; 8; 2-7 to 23; 31

10 45,600 .0012 2-4; 5; 2-7; 3-8 to 23; 54 to
167; 79 to 144

6 47,500 .00125 2-5; 3-7; 8
5 49,400 .0013 4; 5; 3-7 to 24
3 50,300 .00135 2-8 to 24; 55 to 123
2 53,200 .0014 2-7 to 24
1 55,100 .00145 7
3 57,000 .0015 7 to 23; 2-29
2 60,800 .0016 7h; 8-23
3 62,700 .00165 1; 5; 6 to 21
6 64,600 .0017 1; 4; 5; 7; 6 to 21; 30 to 43h
1 66,500 .00175 1
1 68,400 .0018 4
1 70,300 .00185 5
1 72,200 .0019 3
1 74,100 .00195 3
7 76,000 .0020 1; 1; 1;2; 3;4; 6
4 77,900 .00205 1; 1; 3; 3
3 79,800 .0021 5; 5; 7 to 23

NY - No failure

12



TABLE Vill.

Times to Failure
7475-T73 Cases with Aluminum Alloy Plugs

Uncrimped

Specluens; Stress lnter:-erence Tines-to-Failure
(No. tested) (psi) (in.) (hre.)

6 41,800 .0011 NP 102; 5-NP 143
6 43,700 .00115 NF 102; 5 NP 143
2 45,600 .0012 2 NF 143
3 47,500 .00125 2; 2 NF 143
2 49,400 .0013 NF 102; NP 143 K
3 53,200 .0014 2; 7 to 23; 26 to 71
5 57,000 .0015 3; 7 to 23; 28 to 143; NP 102;

NF 143
6 60,800 .0016 23 to 27; 26 to 71; NF 79; NP 102;

NP 143; NP 360
1 62,700 .00165 NF 143
4 64,600 .0017 2; 6 3/4; 26 to 71; NP 360
1 66,500 .00175 NP 79
5 68,400 .0018 3; 4; 2 NP 79; NF 143
3 72,200 .0019 3; 76; 102 to 168
1 76,600 .0020 NP 360
5 77,900 .00205 2; 6 3/4 to 22k; 78 to 143; 102

to 168; NP 143
4 79,800 .0021 3; 30 to 71; 2-NP 143

NP No failure

13
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TABLE Ix.

Time to Failure
7475-T6 Cases with Gilding Metal. Projectiles

Crimped

SPecimeus Stress Interference Times-to-Failure
(No. Tested) _(ps j (in.. Ohre.)

10 22,800 .0006 6; 3-8 to 23; 2-8 to 70; 30 to
95; 54 to 120; NF 71; NF 95

7 24,700 .0065 3; 2-8 to 23; 31 to 47; 2-30 to
95; NF 47

5 26,600 .0007 3-8 to 23; 55 to 71; 30 to 95
3 28,500 .00075 8 to 23; 30 to 95; 55 to 71
1 30,400 .0008 8 to 23
1 32,300 .00035 8 to 23
4 34.200 .0009 8; 2-8 to 23; NF 47
2 36,100 .00095 5; 7
6 38,000 .0010 3; 4; 7; 2-8 to 23; 31 to 48
2 43,700 .0015 4; 8 to 24
1 491400 .0013 1
2 51,300 .00135 4; 8
6 53,200 .0014 2; 6; 7; 8; 8 to 23; 29
9 55,100 .00145 2-1; 2; 2-4; 2-7; 8 to 24; HF 120
8 57,000 .0015 1; 3; 4; 2-6; 7; 8 to 23; 29
6 58,900 .00155 3-1; 4; 2-6
8 60),800 .0016 2-1; 3; 4; 5; 6; 2-8 to 23
7 62,700 .00165 4; 6; 2-7; 8 to 23; 31 to 48; NF

101
6 64,600 .0017 1; 4; 2-6; 8; 8 to 23
3 66,500 .00175 3; 2-6
1 68,400 .0018 4
2 70,300 .00185 1; 8 to 24
3 72,200 .0019 4; 5; 7
1 74,100 .00195 6
5 76,000 .0020 3; 4; 6; 7; 8to 70
3 77,900 .00205 6; 2-7
2 79,800 .0021 3; 7

NI - No failure
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For statistical evaluation purposes, frequency distributions of

times to failure were tabulated and are presented In:

Table X - 7475-T6 cases with aluminum plugs, uncriuped

Table XI - 7475-T6 cases with gilding metal projectiles,
uncrimped

Table XII - 7475-T73 eases with aluminum plugs, uncrimped

Table XIII- 7475-T6 cases with gilding metal projectiles,
crimped after assembly

Cumulative frequencies and percentage failures also are tabulated
in these tables. Note that a two hour time-to-failure class interval
was selected to show som regularity in results. (A one-hour interval
ahowed greater irregularity and a three-hour interval resulted in less
detail).

In order to evaluate different levels of applied stress with re-
spect to failure times, cases in the T6 temper were examined over the
streF ; range of approximately 20 to 80 ksi. The 80 ksi level should
be at or above the ultimate yield stress (ca. 78 ksi) of the alloy.
Stressed T6 cases were considered in three general groupings, i.e.,
ca. 20-39.9, 40-59.9, or 60-80 ksi. For cases in the T73 temper, the
stress range employed was approximately 40 to 80 ksi, since low in-
cidence of failure and very long times were experienced at stress
levels under 40 ksi. Only two stressed case groupings, i.e., ca. 40-
59.9 or 60-80 ksi, were considered for the T73 cases. In addition to
the effects of the tempering, other variables, namely, the different
projectile metals, the non-crimping or crimping of cases after projec-
tile insertion were included in this examination and analysis. Failure
times and frequency to failureq, for specimens subjected to the dif-
ferent stresses, are listed as follows:

Table XIV - for T6 cases with aluminum plugs, uncrimped

Table XV - for T6 cases with gilding metal projectiles, uncrimped

Table XVI - for T73 cases with aluminum plugs, uncrimped

Table XVII - for T6 cases with gilding metal projectiles, crimped

Where failures occurred overnight or during weekends, a span of
time-to-failure is indicated.

15
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TABUE X.

Frequency Distribution of Failures

747 5-T6 Cases with Aluminam Alloy Plugs

Time-to-Failure
Class Interval Cumulative Failure survival

Mr~9L... a !emens Frectuency Z 2
0 -2 28 28 23.5 76.5

2.1 -4 17 45 37.7 62.3
4.1 -6 15 60 50.3 49.7
6.1 -8 9 69 58.0 42.0

4 913 72 60.5 39.5
6 -22 1 94 79.0 21.0
7 - 23 9 94 79.0 21.0
7 - 25 3 94 79.0 21.0
8 -23 4 94 79.0 21.0
8 -24 5 94 79.0 21.0
27 1 95 79.8 20.2
30 1 96 80.6 19.4
NF 28 1 97
8 -72 3 100
3011 -47h 1 106
32 - 96 3 106 89.0 11.0
31hg - 122 1 106 89.0 11.0
54 -96 1 106 89.0 11.0
72 1 107 89.8 10.2
IF 100 2 119
NY 102 2 119
NF 1" 2 119
NF 148 1 119
NPF168 4 119
IF 200 1 119

NF - No failure

N
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TABLE XI.

Frequency Distribution of Failures
7475-T6 Cases vith Gilding Metal Projet.tiles

Uncrimped

Time-to-Failure
Class Interval Cumlative Failure Survival

(ha. Frequency Frequency

0 - 2 13 13 14.2 85.8
2.1 - 4 14 27 29.3 71.7
4.1 - 6 12 39 42.4 57.6
6.1 - 8 11 50 54.3 45.7
7 -24 25 75 81.5 18.5
25 1 76 82.5 17.5
29 4 80 86.9 13.1
30 -4511 1 81 87.9 12.1
53 1 82 89.0 11.0
54 - 143 5 87 94.3 5.7
NF 143 5 92 ---- -

NF -No failure

TABLE XII.

Frequency Distribution of Failures
7475-T73 Cases with Aluminum Alloy Inserts

Uncrimped

Time-to-Failure
Class Interval Cumulative Failure Survival

(hro.) Frequency Frequency (Z)(Z

0 -2 4 4 7.0 93.0
2.1;- 4 5 9 15.8 84.2
4.1 -6 NF
6.1 -8 1 10 17.5 82.5
7 - 23 3 13 22.7 77.3
25 1 14 24.5 75.5
26 -71 4 18 31.6 68.4
76 1 19 33.3 66.7
78 - 143 2 21 36.7 63.3

NF 102 5

102 to 168 2 57
NF 143 22---
NY 360 3 -

NF No failure
17



TABLE XIII.

Frequency Distributi~on of Times to Failure
andCumlatve 4atribution

* I 7475-T6 with Gilding Metal Projectile
Crimped

Time-to-Failure
Class Interval Cumuative Failure Survival

(hs. Frequency Frequency __7L_ (

0 - 2 13 13 11.4 88.6
2.1 -4 20 33 28.9 71.1
4.1 - 6 i 10 51 44.8 55.2
6.1 - 8 17 68 59.6 40.4
8 -24 24 92 80.7 19.3
8 -70 3 95
29 2 97 85.0 15.0
31 -47 3 100 87.6 12.4
30 -95 5 105
55 -71 2 107
54 -120 1 108
NF 47 2 110
NF 71 1 ill
NF 95, NF 101 2 113
NF 120 1 114

NY No failure

J



TABLE XIV.

Frequency Distributions at Various Stress Levels
7475-T6 Cases with Aluminum inserts

* Uncriuped

Tiow-to-Failure
*Class Interval Cumlative Failure

(hrs. Frequency ?.Eag~enl~s. ... L
20-35 kal

0-2 4 4 10.5
2.1 -4 9 13 34.1
4.1 -6 4 17 44.7
6.1 -8 4 21 55.2
7 -24 9 30 78.8
30 1 31 81.5
32 - 122 5 36 94.7
37 100 1 37
N17200 1 38

42-57 ksi (mci 41.8)

0 -2 11 11 31.4
2.1 -4 4 15 42.7
4.1 -6 4 19 54.2
6.1 - 8
4 -1%' 2 21 60.0
6-22 1 22 62.7
7-25 5 27 77.0
8-72 1 28 79.8
NP728 1 29
72 1 30 85.5
NF7102 5 35
N17168 5 35
N17174 5 35

65-80 ksi Unci 64.6)

0-2 11 11 39.1
2.1 -4 3 14 50.0
4.1 -6 5 19 67.7
6.1 -8 4 23 82.0
7 -23 3 26 92.7
30 -47 1 27 96.1
37 148 1 2a

17 - No failure
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TA=L XV.

"&rd-quency Dis tribution at Various Stress Levels
747 5-TG Cases with Gilding Metal Projectiles

Unertaped

TIme-to-Failure71Class Interval Cumulative Failure
(bra.) Freauency Frequency()

20-35 ksi

0 -2 2 2 10.5
2.1 -4 3 5 26.2
4.1 -6 2 7 36.8
6.1 - 8
7 -24 4 11 57.8
24 1 1 12 63.0
53 1 13 68.3
54 - 143 3 16 84.0
NF 143

42-57 ksi (mci 41.8)

0 -2 1 1 2.5
2.1 -4 3 4 9.8
4.1 -6 4 8 19.5
6.1 -8 9 17 41.4
7-24 17 34 82.8
26-29 3 37 90.0
31 1 38 92.5
55-167 3 41

65-80 ksi (inci 64.6)

0-2 8 8 32
2.1-4 8 16 64
4.1-6 5 21 84
6.1-8 1 22 8
6 -23 2 24 96
30 -491 1 25

NY-No failure

20
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TABUE MV.

ftquency Distribution at Various Stress Levels
747 5-T73 Cases with Aluimsm Alloy Plugs

Uncriaped

Tine-to-Failure
Class Interval cumlative Failure

(bra.)L.. Frequency FC*4us=cV

42-57 ksi (mncl 41.8)

0 -2 2 2 7.4
2.1 -4 1 3 11.1
4.1 -6 NF
6.1 -8 NF
7 -23 2 5 18.5
26 -143 2 7 26.0
XF 102 4 11 40.7
NF 143 16 27

65-80 ksi

0 -2 2 2 8.7
2.1 -4 4 6 26.0
4.1 - 6 X7 -

6.1 -8 1 7 30.4"I
7 -22 1 8 34.7
26 -71 2 10 43.4
76 1 11 47.7
NF 79 3 14 60.7
78 -168 3 17 73.8
NF7143 4 21
N37360 2 23-

31 - No failure
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TfXLE MVi.

Ftaqumny Distribution at Various Stress Levels
7475-T6 Cases with Gilding Metal Projectile.

Crimpied

Tlne-to-Failure
Class Interval cumulative Failure

20-35 ksi

0- 2 0 0 0
2.1 -4 1 1 3.2
4.1 -6 1 2 6.4
6.1-8a 1 39.7
8 -23 13 16 51.5
8 -70 2 18 58.0
31 -47 1 19 61.2
30 -95 5 24 77.3
55 -71 2 26 83.6
54 - 120 1 27 87.0
NF 47 2 29 93.4
NF171 1 30 96.8
NF 95 1 31

42-57 kai (ic. 41.8)

0 -2 6 6 21.4 4
2.1 -4 6 12 42.7
4.1 -6 3 15 53.5
6.1 -8 6 21 74.8
8 -24 4 25 89.0
29 2 27 96.2
NF1120 1 28

65-80 ksi Uncl 64.6)

0 -2 2 2 7.7
2.1 -4 7 9 34.5
4.1 -6 8 17 65.2
6.1 -8 6 23 88.4
8 -24' 2 25 96.1
8 -70 1 26 96.1

XF - No failure
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FACTORS INFLUENCING RESULTS

Because of differences In lcrostructure between the T6 and the
T73 cases, differences in case and projectile dviension variations,
the ovality of cases and projectiles, variability of the thickness of
the wall of the cases, and surface irregularities attributable to the
method of fabrication, it was expected that the stress corrosion
cracking result3 would evidence appreciable scatter. This, in fact,
became evident from the test results. With conventional stress cor-
rosion cracking methods, e.g., in which tensile bar or bent beam
specimens are used, failure cracking normally results in considerable
scatter.4 ,5'6 The results obtained in this work also exhibited scat-
ter, which is considered comparable in extent to that experienced
under more widely used testing procedures and specimen configuration.

ANALYSIS OF RESULTS

That there is a wide variation in the time-to-failure of stressed
cases, S is clearly seen in Tables I through IV, in which the data is
arranged according to increasing stress. For example, in Table VI
(T6 cases, aluminum plugs) there is a wide distribution of failure
times, and this holds for each level of applied stress. The cracking
failures occurring at the 24.7 stress level are from two hours to no
failure after 200 hours; at 57 ksi, from 1 hour to no failure at 168
hours; at 76 ksi from 2 hours to no failures after 148 hours. Data
scatter also prevails essentially to the same extent in the situations
involving T6 cases with gilding metal projectiles, (Table VII), T73
cases with aluminum plugs (Table VIII), and T6 cases crimped after
projectiles were inserted (Table IX).

However, certain tendencies can be determined when the test re-
sults are arranged according to frequency distribution of cumulative
failures. Reference to the distribution table of 7475-T6 cases assem-
bled with aluinum plugs (Table X) reveals the greatest frequency of

4A. Gallaccio and M.A. Pelensky, Stress Corrosion Testing, STP425,
ASTM, Phila., PA, 1967, pp. 99-106.

%.A. Pelensky and A. Gallaccio, ibid, pp. 107-115.
6 D.O. Sprowls, ibid, pp. 302-312.
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failures occurring during the first time interval (0-2 hours). The

cumulative distribution of failure times tends to be linear, up to
approximately 10 or 15 hours' exposure, when percentage failure Is

plotted versus the log of time-to-failure (Figure 1). A linear re-
lation between percentage failure add log of time-to-failure is also
suggested for the gilding metal projectile (Table XI & Figure 1) up to
approximately 8 hours' exposure. The T73 data suggests a straight line
relationship even beyond 15 hours' exposure (Table Xii & Figure 2).

Comparison of the 7475-T6 cases with aluminum plugs and cases
with gilding metal projectiles suggests some differencd in results
(Figure 1, Tables XIV and XV). However, from statistical analysis,
the difference does not appear significant and may be due to chance.
The differences between results of the cases not crimped (Table XI)
and cases crimped (Table XIII) were not considered significant,.i

When the T6 cases are compared with the T73 cases (Figure 2,

Table XVI) an appreciable difference in results is apparent and is
considered significant. The T73 case results show, as expected, a
decreased susceptibility to stress corrosion failure.

Plotting of test results on log-probability scale, i.e., log of
time-to-failure versus cumulative percent failed (on a Normal Prob-
ability Scale) gives a reasonable straight line indicating a log
normal type distribution of results (Figure 3). Linear relationships
are apparent for the T6 cases with aluminum alloy plugs, with gilding
metal projectiles and also the T73 cases (Figures 4 and 5).

From the 7475-T6 case test results, it is apparent that several
replicates (7 or 8) are not enough to demonstrate real differences or
trends in stress corrosion cracking susceptibility at different stress
levels. This may be noted, for example, by comparing the results of
22.8 ksi and 62.7 ksi stressed specimens (Table VI). However, differ-
ences in susceptibility can be observed where 28 or more replicates
are considered and results arranged by stress groups and by frequency
distribution of failures (Tables XIV and XVII). As expected, the
higher stress levels result in shorter ties-to-failure.

From the 7475-T73 case test results, it is also apparent that
several replicates may not be sufficient to demonstrate conclusively,
real differences or trends in stress corrosion cracking susceptibility
at different stress levels (Table VIII). Differences in susceptibility
however, can be observed where 23 or more replicates are considered
by stress groups and distribution of failures (Table XVI).
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CONCWSIONS

This method for determining the stress corrosion susceptibility
of aluminum cartridge cases assembled with projectiles or plugs is
considered feasible.

Hoop stresses resulting from assembly of aluminum cartridge cases
and projectiles can be approximated from calculations using case and
projectile interference measurements.

Even though a relatively large number of specimens (possibly 20
or 30) may be required for testing, the method is considered prac-
ticable, since specimens can be taken directly from the production line
and no special machining nor other treatment is involved.

As demonstrated from comparison of results of the T73 versus the
T6 temper, this method feasibly can be employed for comparing stress
corrosion susceptibilities of different tempers of the same alloy.
Presumably other alloys also can be compared for stress corrosion sus-
ceptibility by this testing method. o

The method demonstrates that dissimilar metal coupling of gilding
metal projectiles with aluminm alloy cases does not significantly
affect stress corrosion susceptibility.

Crisping of cases after projectile assembly does not significantly
affect stress corrosion susceptibility.
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